The nonlinear PDE model with special geometry, mean curvature motion (MCM) equation has been implemented by many methods in image processing. In this paper, the compact alternating direction implicit (CADI) method is constructed for MCM equation to denoise the noisy image, which is based on the alternating direction implicit (ADI) method. In theory, this paper is intended to discuss the properties of the CADI method in several aspects. The numerical experiments show that the effect of the CADI method for image denoising.
Introduction
Nowadays, the most widely used method of PDEs (Partial Differential Equations) in image processing [1] , MCM equation, which shares the double features of diffusion and advection, is applied to various aspects of image denoising and smoothing [2] .
The normal form of MCM equation is given as follows Since MCM equation is a nonlinear diffusion equation, the analytic formula of the solution cannot be calculated in normal ways. Peter Smereka (2003) [3] proposed a good stability and accuracy method, the semi-implicit level set method, but the calculation of this method is very complex. ADI method [4] has been applied in image processing by many researchers [5] . For MCM equation, it is stable unconditionally and it has 2-order accuracy. On the basis of ADI method, this paper proposes the CADI method for image denoising contrary to MCM equation, with the 2-order accuracy in time and the 4-order accuracy in space, which improve the accuracy of numerical method. When the CADI method is used to process the noisy image, we can get a better result.
Construction of CADI method Introduction
The MCM equation can be written as
It's easy to see that 
Where k is the time step,  and  are operators, , ( )
and h is the space step. In this paper, for each pixel ( , ) i j in the image, we apply
In order to solve the Eqs. (3)-(4), the image to be processed is treated as the initial condition (the first layer data). The intermediate layer data is obtained by Eq. (3), and then the next layer data directly by Eq. (4). Calculating in this way, a better denoised image will be got.
The analysis of the CADI method 3.1 The existence of solutions analysis
Eqs. 
We know that if a matrix is a strictly diagonally dominant matrix, then it is nonsingular. For any value of r , the tri-diagonal matrix M has the unique solution. Therefore, Eq. 
Application of the compact ADI method
In the current field of image processing, there are a variety of objective evaluation criteria. In this paper, the peak signal to noise ratio (PSNR) is used to measure the quality of the denoised images. 
Numerical experiments
For a 2-D gray image, the Salt and Pepper noise with the variance 0.08 is removed by ADI method and our method in Fig. 1 , where the value of PSNR for the noisy image is 15.1693db. Fig. 1 , we see that no obvious staircase effect appears during the processing of our method and ADI method. Both the two methods for MCM equation (2) in image denoising get better effect. In Tab. 1, by observing the evaluation criteria PSNR values, we find the values all fall within the interval 20-35db, which the quality of the denoised images is within the acceptable range of people [7] . Within the same conditions, by observing the images Fig. 1(c) and Fig. 1(d) , we find the images denoised by our method is a little better than denoised by ADI method.
Tab. 1 The PSNR of the results
Methods
The PSNR of Fig. 1 [db]
ADI method 22.3653 CADI method 22.4133
Error checking
In order to show that our method is better than ADI method in image denoising, we define a matrix. For an image of m n × in size, the matrix corresponding to the original image is M and the matrix corresponding to the denoised image is N . To reflect the error between the original image and the denoised image, we set the matrix
and use the library function images in Matlab to get the figure corresponding to the matrix L . In Fig. 2(a) , the error matrix L is obtained through Fig. 1(a) and Fig. 1(c) . In Fig. 2(b) , the error matrix L is obtained through Fig. 1(a) and Fig. 1(d) . It can be visually seen from Fig. 2(a) and Fig. 2(b) that the error of the result by our method is less. In Fig. 1 , the image denoised by our method can be better to approximate the original image.
Conclusions
In this paper, a high order accuracy CADI method is proposed for MCM equation. The theoretical analysis shows that our method is stable unconditionally and its solution is existing and unique for the image denoising, in addition, the convergence of the method has 4-order accuracy in space. The error checking objectively illustrates that our method has higher accuracy. From Fig. 1, it gives that the images denoised by our method are obviously better than them by ADI method. By our method, it can be better to approximate the original image. The application of our method in this paper is promising and effective. Future works will focus on processing the nonlinear part and promoting of the CADI method on the field of image restoration.
